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,QWURGXFWLRQ
:DWHUVXSSO\DQGUHVRXUFHVPDQDJHPHQWZLWKLQWKHERUGHUVRIDFRXQWU\LVDQH[WUHPHO\FRPSOLFDWHGSURFHVVWKDW
SROLF\PDNHUVDQGH[SHUWVDUHFDOOHGWRDGGUHVV7KHUHDUHPDQ\YDULDEOHV WKDWQHHGWREHDQDO\]HGVXFKDVZDWHU
TXDQWLW\DQGTXDOLW\DYDLODEOHUHVRXUFHVWHPSHUDWXUHZDWHUSUHVVXUHDVVHWDJHLQJIOXFWXDWLQJGHPDQGRSHUDWLRQDQG
PDLQWHQDQFHULVNVOHDNDJHVDFFLGHQWDOSROOXWLRQVSLSHEXUVWVVRLOLQVWDELOLW\SULFLQJSROLFLHVDQGVXSSO\VWDQGDUGV
7KLQJVJHWPRUHFRPSOLFDWHGZKHQFURVVERUGHUZDWHUVXSSO\LVLQYROYHGHVSHFLDOO\ZKHQWKHUHDUHQRVWDQGDUGDQG
FRPPRQPHWKRGRORJLHVSURFHGXUHVDQGWHFKQLFVWRDGGUHVVWKLVLVVXH
*OREDOO\ DURXQG PLOOLRQ SHRSOH GR QRW KDYH DFFHVV QRZDGD\V WR DQ LPSURYHG VRXUFH RI GULQNLQJZDWHU
$GGLWLRQDOO\ZDWHUGHPDQGIRUPDQXIDFWXULQJLVH[SHFWHGWRLQFUHDVHE\EHWZHHQDQGLQDJOREDO
OHYHO,PSURYLQJSROLF\FRKHUHQFHZLWKLQWKHERUGHUVRIFRXQWU\DQGDFURVVERUGHUVZLOOEHRQHRIWKHWRSSULRULWLHVLQ
WKHZDWHUVHFWRUIRUWKHQH[WWLPHSHULRG>@
&URVVERUGHUZDWHUUHVRXUFHVPDQDJHPHQWLVRQHRIWKHPDLQWDVNVLQYROYHGLQ'5,1.$'5,$SURMHFWLQFOXGLQJ
WKHDQDO\VLVDQGGHYHORSPHQWRIFOLPDWHDQGFOLPDWHFKDQJHGDWDEDVHIRU WKH$GULDWLFUHJLRQ WKHLGHQWLILFDWLRQRI
SUHVHQWDQGIXWXUHULVNVIRUZDWHUUHVRXUFHVDYDLODELOLW\ZLWKHPSKDVLVLQGULQNLQJZDWHUWKHGHWHUPLQDWLRQRISUHVHQW
DQG IXWXUH ZDWHU TXDOLW\ ULVNV DQG WKH FDXVHV IRU GULQNLQJ ZDWHU TXDOLW\ GHWHULRUDWLRQ DQG WKH GHYHORSPHQW RI
JXLGHOLQHVDQGSURWRFROVIRUWKHSURWHFWLRQDQGPDQDJHPHQWRIFURVVERUGHUZDWHUUHVRXUFHV
&URVVERUGHUZDWHUUHVRXUFHVPDQDJHPHQWWKHPHWKRGRORJ\
2.1. Climate characteristics and climate change 
,WLVVWDWHGWKDWFKDQJHVLQSK\VLFDOSURFHVVHVLQWKHJOREDOK\GURORJLFDOF\FOHRYHUWKHSDVW\HDUVPD\EHOLQNHG
WRFOLPDWHFKDQJH&OLPDWHFKDUDFWHULVWLFVDQGFOLPDWHFKDQJHDUHWKHILUVWYDULDEOHVVWXGLHGLQWKH$GULDWLFUHJLRQ
IRUPLQJDGDWDEDVHRIFOLPDWHFKDUDFWHULVWLFVDQGFOLPDWHFKDQJHIRUWKHSDVW7KHVHGDWDZHUHVLPXODWHGDOVRIRUWKH
IXWXUHXQWLOWKH\HDUXVLQJ65(66SHFLDO5HSRUWRQ(PLVVLRQV6FHQDULRVVFHQDULRV>@1LQHWHVWDUHDVZHUH
VHOHFWHGE\WKHSDUWQHUFRXQWULHV,WDO\6ORYHQLD&URDWLD%RVQLDDQG+HU]HJRYLQD0RQWHQHJUR6HUELD$OEDQLDDQG
*UHHFHLQFOXGLQJGLIIHUHQWZDWHUW\SHVRIUHVRXUFHV)LJ8VLQJGLIIHUHQWFOLPDWHVLPXODWLRQPRGHOVDQGVFHQDULRV
$ODGLQ 3URPHV 5HJ&0 REVHUYHG GDWD DUH H[SODLQHG DQG FOLPDWH FKDQJH WUHQGV LQ WKH IXWXUH SHULRGV DUH
GHVFULEHG
2.2. Water resources availability 
:DWHUUHVRXUFHVDYDLODELOLW\ZLWKHPSKDVLVWRGULQNLQJZDWHULVWKHVHFRQGVWHSLPSOHPHQWHGLQ'5,1.$'5,$
SURMHFW7KHDQDO\VLVLQFOXGHGERWKWRWDODQGGULQNLQJZDWHUXVH:DWHUUHVRXUFHVDYDLODELOLW\WRRNLQWRFRQVLGHUDWLRQ
FOLPDWHFKDQJHLPSDFWVWKHUHQHZDEOHZDWHUUHVRXUFHVDQGWKHZDWHUGHPDQG7KHLPSDFWRIFOLPDWHFKDQJHWRZDWHU
UHVRXUFHVDYDLODELOLW\ LVDOVRDQDO\]HG7HPSHUDWXUHDQGSUHFLSLWDWLRQUHVXOWVZHUHLQSXWGDWDIRUFDOFXODWLQJZDWHU
DYDLODELOLW\ FKDQJH LQ WKH WHVW DUHDV IRU WKH IXWXUH SHULRG  7KH:DWHU ([SORLWDWLRQ ,QGH[ :(, LV
HVWLPDWHG IRU DOO WHVW DUHDV IRU WKH SUHVHQW DQG WKH IXWXUH VWDWH:(, LV WKH UDWLR RI WKHZDWHU GHPDQG :' DQG
UHQHZDEOHZDWHUUHVRXUFHV:57KUHHZDWHUGHPDQGVFHQDULRVDUHDQDO\]HGSUHVHQWVWDWHVFHQDULR:'SUHVHQW
ZDWHUGHPDQGLQFUHDVHE\IXWXUHVFHQDULR:'DQGSUHVHQWZDWHUGHPDQGGHFUHDVHE\IXWXUHVFHQDULR
:'>@)LQDOO\IRXU:(,LQGLFHVDUHFDOFXODWHG:(, :':5±:(, :':5±
:(, :':5±:(, :':5±7KH:(,WKUHVKROGYDOXHVXVHGWRFODVVLI\
WKHYXOQHUDELOLW\RUULVNKDYHEHHQXVHGLQ&&:DWHU6SURMHFW>@:(,YDOXHVEHORZLQGLFDWHORZULVN:(,YDOXHV
UDQJLQJIURPWRLQGLFDWHSRVVLEOHSUREOHPV:(,YDOXHVUDQJLQJIURPWRLQGLFDWHVWURQJULVNDQG
:(,YDOXHVDERYHLQGLFDWHWKDWZDWHUUHVRXUFHVDYDLODELOLW\LVQRWVXVWDLQDEOH>@
&RQFOXVLRQVRQZDWHUDYDLODELOLW\LQGLFDWHWKDWFOLPDWHFKDQJHZLOOKDYHDQLPSDFWLQWKHIXWXUHRQ
ZDWHUUHVRXUFHVDYDLODELOLW\FDXVLQJZDWHUUHVRXUFHVTXDQWLWLHVGHFUHDVH>@7KHUHLVDGLIIHUHQFHLQZDWHUUHVRXUFHV
DYDLODELOLW\ WUHQGV LQ6RXWKHUQDQG1RUWKHUQ$GULDWLF ORZHUFKDQJHV'LIIHUHQW FOLPDWHPRGHOVSURYLGHGLIIHUHQW
HVWLPDWHVRIWKHLQWHQVLW\RIFOLPDWHFKDQJHLPSDFWV>@
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7KH:(,LQGH[ZDVHVWLPDWHGDOVRRQUHJLRQDOVFDOHNPJULGWDNLQJLQWRDFFRXQWSUHFLSLWDWLRQGDWDFDOFXODWHG
DFWXDOHYDSRWUDVSLUDWLRQDQGZDWHUXVHGDWDDFFRUGLQJ WR&&:$5(PHWKRGRORJ\>@$QDO\VLVVKRZHGGLIIHUHQW
PDMRUULVNVLQHDVWHUQ,WDO\FRDVWDODUHDVRI6ORYHQLDFHQWUDO6HUELDDQG&RUIXRQWKHWHVWDUHDV)LJDQGQRULVNV
LQPRXQWDLQRXVUHJLRQVDQGLQ%DONDQUHJLRQ

)LJ'5,1.$'5,$SDUWLFLSDWLQJFRXQWULHVDQGWKHLUWHVWDUHDV>@
7DEOH&OLPDWHDQGFOLPDWHFKDQJHVLPXODWLRQVIRUIXWXUHVFHQDULRVLQ$GULDWLFUHJLRQQDWLRQDOUHJLRQDOOHYHO>@
&RXQWU\ 0RGHO 65(6VFHQDULR 5HIHUSHULRG 7LPHSHULRG 7HPSHUDWXUH 3UHFLSLWDWLRQ
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2.3. Water resources quality 
7KHWKLUGVWHSWRZDUGWKHHVWLPDWLRQRIZDWHUUHVRXUFHVYXOQHUDELOLW\LVWKHGHWHUPLQDWLRQRIZDWHUTXDOLW\LQGLFDWRUV
DQGWKHHYDOXDWLRQRIWKHSDUDPHWHUVUHVXOWLQJWRWKHGULQNLQJZDWHUTXDOLW\GHWHULRUDWLRQZLWKLQWKHSLORWDUHDV7DEOH
>@7KHPDLQWDVNVDUHWKHGHWHUPLQDWLRQRIWKHH[LVWLQJODQGXVHVLPSDFWRQZDWHUTXDQWLW\DQGTXDOLW\LPSDFW
HIIHFWPDWUL[WKHWUHQGVLQZDWHUTXDOLW\WKHIXWXUHZDWHUVDIHW\UHJDUGLQJFKDQJLQJODQGXVHVWKHDQDO\VLVRIVDOW
ZDWHULQWUXVLRQLVVXHVDQGWKHSRVVLELOLWLHVRIGULQNLQJZDWHUTXDOLW\LPSURYHPHQWDUWLILFLDOUHFKDUJHDQGPHDVXUHVWR
LPSURYHWKHTXDOLW\RIGULQNLQJZDWHU
$GDWDEDVHZLWKUHODWHGOHJLVODWLYHGRFXPHQWVZLWKHPSKDVLVRQZDWHUUHVRXUFHVPRQLWRULQJLVHODERUDWHGGXULQJ
WKHSURMHFW>@(8DQGQDWLRQDOOHJLVODWLYHDFWVDUHLQFOXGHGLQWKHGDWDEDVH:DWHUUHVRXUFHVTXDOLW\SUREOHPVLQFOXGH
H[LVWHQFHRIQLWUDWHVVXVSHQGHGVRLOVVXOIDWHVVHDZDWHULQWUXVLRQDQGJURXQGZDWHUVDOLQL]DWLRQDQGPLFURELRORJLFDO
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FRQWDPLQDWLRQ 7KH '36,5 'ULYHUV 3UHVVXUHV 6WDWH ,PSDFW 5HVSRQVHV IUDPHZRUN KDV EHHQ XVHG WR DQDO\]H
SUHVHQWSDVWDQGIXWXUHODQGXVHLPSDFWRQZDWHUUHVRXUFHVTXDOLW\>@

D

E

,QGH[:(,YHU\ORZULVN:(,ORZULVN:(,PHGLXPULVN:(,KLJKULVN:(,!YHU\KLJKULVN
)LJ:(,LQGH[DSUHVHQWVWDWHEIXWXUHVWDWHZLWKLQFUHDVHGZDWHUGHPDQGVFHQDULR>@



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7DEOH%DVLFZDWHUTXDOLW\LQGLFDWRUVDQGWUHQGVLQ'ULQNDGULDSLORWDUHDV>@
&RXQWU\7HVW
$UHD
%DVLFZDWHUTXDOLW\FKDUDFWHULVWLFVDQGWUHQGV /DQGXVH
,7$/<
)ULXOL9HQH]LD
*LXOLD,VRQ]R
SODLQ
1LWUDWHFRQWHQWRQSXPSLQJZHOOVKDGDOZD\VTXLWHORZFRQFHQWUDWLRQVPJ/
RYHUDOHJDOOLPLWRIPJ/$IRVVLOPDULQHDTXLIHULVSUHVHQWLQWKHGHSWKVLQWKH
FDUERQDWHVWKHUHIRUHWKHKLJKFKORULGHYDOXHVLQWKHQRUWKHUQZHOOVFDQEHOLQNHGWR
WKLVUHVRXUFHDQGQRWWRWKHVDOWZDWHULQWUXVLRQ7KHJHQHUDOVXOSKDWHVWUHQGLVTXLWH
FRQVWDQWVOLJKWO\LQFUHDVLQJZLWKLQODVW\HDUVIRUZHOOVEXWEHORZWKHOHJDOOLPLW
7KHDQDO\VHVVKRZHGDFRPSOHWHDEVHQFHRIDQ\NLQGRIPLFURRUJDQLVPV
$JULFXOWXUHXUEDQLVHG
DUHDQDWXUDO
HQYLURQPHQWZDWHU
VXUIDFHLQGXVWU\
VSRUWDQGOHLVXUHTXDUU\
DQGODQGILOO
,7$/<
0DUFKH5HJLRQ±
$72
9HU\ULFKPRXQWDLQRXVDUHDLQWHUPVRIDTXLIHUVSRWHQWLDOO\SURYLGLQJODUJHYROXPHV
RIJRRGTXDOLW\ZDWHU3URJUHVVLYHZRUVHQLQJLQWKHYDOOH\VPHGLXPKLJKKLOO\DUHD
DQGIODWFRDVWDO]RQHRIZDWHUTXDOLW\IHDWXUHVHOHFWULFFRQGXFWLYLW\EHWZHHQ
DQGȝ6FPGU\UHVLGXHEHWZHHQDQGJ/VLJQLILFDQWLQFUHDVHLQQLWUDWHV
FRQFHQWUDWLRQ
&DOFDUHRXV5LGJHVDJULFXOWXUH
IRUHVWU\DUWLILFLDO
VXUIDFHVaZDWHUERGLHVa
$OOXYLDO3ODLQV
$JULFXOWXUHIRUHVWU\
DUWLILFLDOVXUIDFHV
ZDWHUERGLHV
,7$/<
$SXOLD5HJLRQ
2VWXQL
(OHFWULFDOFRQGXFWLYLW\RIWKHJURXQGZDWHUDW6DOHQWRFRDVWDODUHDH[FHHGV
ȝ6FP5HGXFWLRQLQZDWHUZLWKGUDZDORIPLJKWEHDFKLHYHGE\XVLQJWUHDWHG
ZDWHUIURPWKHVHZDJHSODQWVLQWKHFRDVWDODUHDLQWKHLUULJDWLRQSHULRG7KH
SHUFHQWDJHRIZDWHUVXSSOLHGIRULUULJDWLRQSXUSRVHVPLJKWEHUHVWRUHGGXULQJWKH
QRQLUULJDWLRQVHDVRQVXUSOXVRIWUHDWHGHIIOXHQWPD\EH
$JULFXOWXUHIRUHVWU\
DUWLILFLDOVXUIDFHV
6/29(1,$
.REDULãNLVWRODQG
0LD±0DWDMXU
DTXLIHUV
7KHSK\VLFDODQGFKHPLFDOSDUDPHWHUVRIVXUIDFHDQGJURXQGZDWHUVKRZWKH
FKDUDFWHULVWLFVRIQDWXUDOFRQGLWLRQV3RVVLEOHKXPDQLPSDFWVSUDFWLFDOO\DEVHQW
ZLWKLQWKHWHVWDUHD$OOPHDVXUHGSDUDPHWHUVS+(&R[\JHQUHJLPH72&
QXWULHQWVPLFURELRORJ\DQGPHWDOVLQGLFDWHWKDWVXUIDFHZDWHUDQGJURXQGZDWHULQ
WHVWDUHDVDUHQRWSROOXWHGDQGKDYHDJRRGFKHPLFDOVWDWXV*URXQGZDWHUK\GUR
FKHPLFDOW\SHLV&D+&2*RRGVXUIDFHDQGJURXQGZDWHUTXDOLW\VWDWXVLQWHVW
DUHDVLQ1:6ORYHQLD.REDULãNLVWRODQG0LD±0DWDMXUDTXLIHUV
$UWLILFLDODUHDV
DJULFXOWXUDODUHDV
IRUHVWDQGVHPLQDWXUDODUHDV

&52$7,$
1RUWKHUQ,VWULD
VSULQJV*UDGROH
6Y,YDQDQG
%XODå
7KHUHLVDQLQFUHDVLQJWUHQGRIWRWDOVXVSHQGHGVROLGVRQDOOVSULQJV+RZHYHUWKH
FRQWHQWRI766GHSHQGVSULPDULO\RQK\GURORJLFDOFRQGLWLRQVVRWKLVVKRXOGQRWEH
FRQVLGHUHGDVDQLQGLFDWRURISROOXWLRQ'XULQJWKHUHZDVDGHFUHDVLQJ
WUHQGRIQLWUDWHVEHOORZ0$&0LFURELRORJLFDOFRQWDPLQDWLRQLVSUHVHQWDQGLV
DVVRFLDWHGWRWKHK\GURORJLFDOFRQGLWLRQV+LJKHUFRQFHQWUDWLRQVRIWRWDOQXPEHURI
PLFURRUJDQLVPVDQGPLFURRUJDQLVPVRIIDHFDORULJLQZHUHRFFDVLRQDOO\REVHUYHG
PRVWO\IURPXQWUHDWHGXUEDQZDVWHZDWHUV)RUDOOVSULQJVSKRVSKDWHVDQGWRWDO
SKRVSKRUXVDUHYHU\ORZ7KHYDOXHVRIQHDUO\DOOLQGLFDWRUVDUHGHFUHDVLQJDQGWKH
ZDWHUTXDOLW\RQVSULQJVLPSURYHV
6Y,YDQSDVWXUHV
FRQLIHURXVIRUHVWODQG
SULQFLSDOO\RFFXSLHGE\
DJULFXOWXUHFRPSOH[
FXOWLYDWLRQSDWWHUQV
QDWXUDOJUDVVODQGV
WUDQVLWLRQDOZRRGODQG
PL[HGIRUHVWEURDG
OHDYHGIRUHVW
&52$7,$
6RXWKHUQ
'DOPDWLDVSULQJ
3UXGDQG
%ODWVNRSROMH
'LIIHUHQWK\GURFKHPLFDOIDFHVRIWKHWZRSLORWDUHDVLQ6RXWKHUQ'DOPDWLD6'
6DPSOHGZDWHUVIURPLVODQGWHVWDUHD%ODWVNRSROMHUDQJHIURPFDOFLXPK\GURJHQ
FDUERQDWHWRVRGLXPFKORULGHK\GURFKHPLFDOIDFHVZKLFKLQGLFDWHVVWURQJLQIOXHQFH
RIWKHVHDZDWHULQWUXVLRQV:DWHUVIURPFRQWLQHQWDOWHVWDUHDUDQJH3UXGIURP
FDOFLXPK\GURJHQFDUERQDWHWRFDOFLXPVXOSKDWHK\GURFKHPLFDOIDFHVVXJJHVWLQJ
UHFKDUJHIURPGHSRVLWVULFKLQVXOSKDWHPLQHUDOV7UHQGVRILQGLFDWRUVRIZDWHU
TXDOLW\DUHQHJDWLYHVKRZLQJGHFUHDVHLQWKHFRQFHQWUDWLRQRIZDWHUTXDOLW\
LQGLFDWRUV
%ODWVNRSROMHDJULFXOWXUH
IRUHVWU\
DUWLILFLDOVXUIDFHV
3UXGIRUHVWDQGVHPLQDWXUDO
DUHDVDJULFXOWXUDO
DUHDVDUWLILFLDOVXUIDFHV
ZDWHUERGLHV
ZHWODQGV
%261,$
	+(5=(*29,1
$7UHELåDWULYHU
,Q7UHELåDW5LYHUKLJKO\VDWXUDWLRQZLWKR[\JHQPRVWO\GXHWRILWREHQWRVDFWLYLWLHV
DQGRFFDVLRQDOO\FRQWHQWRIWKHVXEVWDQFHVWKDWFDQEHR[LGL]HGDQGGHFRPSRVHGE\
PLFURRUJDQLVPV,QFUHDVHGFRQFHQWUDWLRQVRIFRSSHUDQGWRWDOFKURPLXPZKLFKZHUH
DERYHWKH0D[LPXP$OORZDEOH&RQFHQWUDWLRQ0$&IRUVXUIDFHZDWHU
&RQFHQWUDWLRQVRIOHDGLQWKHUDQJHRIOLPLWYDOXHV,Q7UHELåDW5LYHUDEVHQFH
RIIUHVKSROOXWLRQLQGLFDWRUVLQWKHEDVLQFRXOGEHSRWHQWLDOO\HXWURSKLFDWHGDQGKDYH
LPSDFWRQELRORJLFDOVWDWXV

0217(1(*52
1LNãLü
*RRGTXDOLW\RIZDWHUXVHGIRUZDWHUVXSSO\LQWKHWHVWDUHDLQ1LNVLF'HYLDWLRQVRI
TXDOLW\SDUDPHWHUVWXUELGLW\DQGPLOGPLFURELRORJLFDOFRQWDPLQDWLRQIURP
PD[LPXPDOORZDEOHFRQFHQWUDWLRQRQO\GXULQJKHDY\SUHFLSLWDWLRQ2QO\
FKORULQDWLRQLVDSSOLHGLQVSULQJV
$JULFXOWXUHIRUHVWU\
DUWLILFLDOVXUIDFHV
ZDWHUERGLHV
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&RXQWU\7HVW
$UHD
%DVLFZDWHUTXDOLW\FKDUDFWHULVWLFVDQGWUHQGV /DQGXVH
6(5%,$
9HOL5]DY
9HOLNL5]DYYHU\YXOQHUDEOHWRWKHLPSDFWVRIZHDWKHU7KHUHDUHDUHDVH[SRVHGWR
HURVLRQDVZHOODVDUDEOHODQG7KHFRQGLWLRQVRIKHDY\UDLQIDOORUUDSLGVQRZPHOW
EULQJRQGUDVWLFGHWHULRUDWLRQLQZDWHUTXDOLW\6RXUFHVRIZDWHUSROOXWLRQFODVVLILHG
LQWRWZRFDWHJRULHVVFDWWHUHGDQGFRQFHQWUDWHGRQHV&RQFHQWUDWHGSROOXWLRQLV
FKDUDFWHULVHGE\WKHSRLQWRIGLVFKDUJHRIZDVWHZDWHULQWRWKHUHFLSLHQWZKHUHDVWKH
VFDWWHUHGVRXUFHVRISROOXWLRQDUHJHQHUDWHGVSDWLDOO\7KHVFDWWHUHGVRXUFHVRI
SROOXWLRQLQFOXGHDOOVXUIDFHDQGJURXQGZDWHUSROOXWDQWVZKLFKRULJLQDWHIURPWKH
SRSXODWLRQQRWFRQQHFWHGWRWKHVHZHUDJHWLOODJHOHDFKLQJIURPIRUHVWDQGVRLO
VXUIDFHVOLYHVWRFNXQUHJXODWHGPXQLFLSDOODQGILOOVDQGRWKHUKXPDQDFWLYLWLHV

$/%$1,$
'ULQLEDVLQ
'LVFKDUJLQJRILQGXVWU\SROOXWHGZDWHUDQGXQWUHDWHGPXQLFLSDOLW\VHZDJHZDWHULQ
ULYHU'ULQLL%DUGKsKDVDKXJHFRQVHTXHQFHIRUWKHZDWHUV¶IDXQD$ORQJDQG
XQFRQWUROOHGGLVFKDUJHRIPXQLFLSDOVHZDJHZDWHUDJULFXOWXUHDQGLQGXVWULDOZDVWH
LQ'ULQLL%DUGKs5LYHULQIOLFWHGWKHFKDQJHRIZDWHUV¶TXDOLW\:LWKWKHSROOXWHG
ZDWHULQWKHEDQNRI'ULQLL%DUGKss5LYHUDOVRWKHRUJDQLFDQGLQRUJDQLFVXEVWDQFHV
DUHEHLQJGLVFKDUJH,WLVSRVVLEOHWRUHGXFHRUWRVWRSWKLVQHJDWLYHWUHQG7XUELGLW\
H[FHHGVWKHVWDQGDUGVRIGULQNLQJZDWHU,QIRUPDWLRQSURYLGHGE\&&0(:4,
GHVFULEHVGULQNLQJZDWHUTXDOLW\XVHGE\ZDWHUXVHUVVXSSOLHUVHWF7DVWHVDQG
RGRXUVLQZDWHUPD\EHGHULYHGIURPDYDULHW\RIFRQGLWLRQVDQGVRXUFHVHJ
FKORULQDWLRQ
$JULFXOWXUHIRUHVWU\

*5((&(
&RUIX,VODQG
:DWHUTXDOLW\RIWKHVXUIDFHZDWHUV\VWHPVRI&RUIXLVJRRG1RKHDY\SUHVVXUHV
LGHQWLILHG7KHWKUHHJURXQGZDWHUV\VWHPVLGHQWLILHGDVVHVVHGWREHLQDJRRG
FKHPLFDOTXDOLW\VWDWXV+LJKFRQFHQWUDWLRQVRIVXOIDWHVGXHWRWKHLQFUHDVHGYDOXHV
EHFDXVHRIWKHQDWXUDOJHRORJLFDOEDFNJURXQG,QFUHDVHGYDOXHVRIQLWUDWHVDQG
DPPRQLXPDUHGXHWRWKHGLIIXVHDQGSRLQWSROOXWLRQVRXUFHVRIKXPDQDFWLYLWLHV,Q
WKHFRDVWDODUHDVVRPHLQFUHDVHGYDOXHVRIFKORULGHVGXHWRWKHVHDLQWUXVLRQEHFDXVH
RIWKHH[SORLWDWLRQDQGRIQDWXUDOFDXVHV
$UHDXQGHUFXOWLYDWLRQDQG
IDOORZODQGIRUHVWV
DUHDVRFFXSLHGE\
VHWWOHPHQWVSDVWXUHV
DUHDVXQGHUZDWHURWKHU
DUHDV
2.4. Water resources safety 
7KHILQDOVWHSLQFOXGHVWKHGHYHORSPHQWRIFRPPRQPHWKRGRORJ\DQGSURWRFROVIRUZDWHUUHVRXUFHVSURWHFWLRQDQG
PDQDJHPHQW7KLVFRPPRQPHWKRGRORJ\LQFOXGHVZDWHUUHVRXUFHVYXOQHUDELOLW\ULVNDQGKD]DUGVGHWHUPLQDWLRQWKH
GHOLQHDWLRQRIGULQNLQJZDWHU SURWHFWLRQ DUHDV DQGPHDVXUHV SURSRVDO IRU FURVVERUGHUPDQDJHPHQW7KHSDUWQHUV
SURYLGHGGDWDRQGULQNLQJZDWHUULVNVDQGKD]DUGVDVVHVVPHQWDWQDWLRQDOOHYHOVXFKDVWKHLPSOHPHQWDWLRQRI+$&&3
DQGRU:DWHU6DIHW\3ODQV7KH\DOVRSURYLGHGGDWDIURPWKHQDWLRQDOOHJLVODWLRQUHJDUGLQJWKHGHOLQHDWLRQRIGULQNLQJ
ZDWHUSURWHFWLRQ]RQHV7KHUHVXOWVVKRZHGWKDWWKHUHLVDGLIIHUHQWXQGHUVWDQGLQJLQPDQ\FDVHVHJGHOLQHDWLRQRI
GULQNLQJZDWHUSURWHFWLRQ]RQHVRQNDUVWLFDTXLIHUV
7KHILQDOWDVNLVWKHZDWHUUHVRXUFHVYXOQHUDELOLW\DVVHVVPHQWDWWUDQVQDWLRQDOVFDOH$GULDWLFUHJLRQ7RDFKLHYH
WKLVWDVNWKHDGDSWLYHFDSDFLW\LVHVWLPDWHGEDVHGRQVRFLRHFRQRPLFIDFWRUVDQGHFRV\VWHPVVHUYLFHVDVVHVVPHQW7KH
ILQDORXWSXWLVWKHLQWHJUDWHGDVVHVVPHQWRIZDWHUUHVRXUFHVYXOQHUDELOLW\WRFOLPDWHFKDQJH
7KHWHVWDUHD&RUIXLVODQG
7KHWHVWDUHD LQ*UHHFH LV WKH&RUIX,VODQG ORFDWHG LQ WKHQRUWKZHVWHUQVLGHRI*UHHFHEHORQJLQJ WR WKH,RQLDQ
,VODQGV5HJLRQ7KHLVODQG¶VVXUIDFHLV.PLWVOHQJWKLV.PDQGLWVZLGWK.PLQLWVZLGHUSDUW7KH5LYHU
%DVLQ0DQDJHPHQW3ODQRI(SLUXVLGHQWLI\VXUIDFHZDWHUVLQFOXGLQJWKUHHVPDOOULYHUVODJRRQVDQGJURXQGZDWHU
ERGLHVLQ&RUIX>@7KHPDLQDTXLIHUVDUHGHYHORSHGLQWKHFDUERQDWHIRUPDWLRQVRIWKH,RQLDQ]RQHFRQWDLQLQJKLJK
VXOIDWHV FRQFHQWUDWLRQV EHFDXVH RI WKH SUHVHQFH RI HYDSRULWHV$TXLIHUV RI ORFDO LPSRUWDQFH DUH GHYHORSHG LQ WKH
JUDQXODU IRUPDWLRQV+LJK FRQFHQWUDWLRQV RI VXOIDWHV DUHPHW ORFDOO\ EHFDXVH RI WKH QDWXUDO EDFNJURXQG J\SVXP
SUHVHQFH,QWKHJURXQGZDWHUERGLHVWKHUHDUHLQFUHDVHGFRQFHQWUDWLRQVRIQLWUDWHVDQGDPPRQLXPRIORFDOLPSRUWDQFH
GXHWRWKHSRLQWDQGGLIIXVHVRXUFHVRISROOXWLRQ>@/RFDOO\WKHUHDUHKLJKFRQFHQWUDWLRQVRIFKORULGHVLQWKHFRDVWDO
]RQHVEHFDXVHRIWKHVHDLQWUXVLRQVGXHWRH[FHVVLYHSXPSLQJDQGQDWXUDOFDXVHV,QJHQHUDOWKHUHDUHQRSUREOHPVRI
JURXQGZDWHUH[SORLWDWLRQ
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$YHUDJHWHPSHUDWXUHDQGSUHFLSLWDWLRQDUHDQDO\]HGIRUWKHWHVWDUHD$YHUDJHWHPSHUDWXUHR&DQGSUHFLSLWDWLRQ
PPYDOXHVSHUPRQWKIRUWKHSHULRGDQGUHVSHFWLYHO\DUHSURYLGHGE\WKH+HOOHQLF1DWLRQDO
0HWHRURORJLFDO6HUYLFH>@7HPSHUDWXUHDQGSUHFLSLWDWLRQYDOXHVWUHQGWRLQFUHDVHLQ&RUIXWHVWDUHD
:DWHUUHVRXUFHVDYDLODELOLW\LVHVWLPDWHGIRU&RUIXWHVWDUHD'ULQNLQJDQGLUULJDWLRQZDWHUGHPDQGLVVKRZHGLQ
)LJIRU&RUIXEDVHGRQWKHGDWDRIWKH5%03>@6HYHUDOVFHQDULRVDUHLGHQWLILHGH[DPLQLQJWKHZDWHUGHPDQG
YDULDWLRQVIURPWRZLWKDVWHSRIIRUWKHWKUHHDTXLIHUV7KHVDPHSHUFHQWDJHYDULDWLRQVIURP
WRDUHDOVRH[DPLQHGIRUZDWHUQDWXUDOUHFKDUJH7KHUHVXOWVVKRZWKDWLQDOOWKUHHDTXLIHUVWKHZDWHULQIORZLV
JUHDWHUWKDQZDWHUGHPDQGLQDOOFDVHV,QDTXLIHU*5ZDWHULQIORZYDOXHVUDQJHIURPYDULDWLRQ
WRYDULDWLRQKP\HDUZKLOHZDWHUGHPDQGYDOXHVUDQJHIURPYDULDWLRQWR
YDULDWLRQKP\HDU,QDTXLIHU*5ZDWHULQIORZYDOXHVUDQJHIURPYDULDWLRQWRYDULDWLRQ
KP\HDUZKLOHZDWHUGHPDQGYDOXHVUDQJHIURPYDULDWLRQWRYDULDWLRQKP\HDU,QDTXLIHU
*5ZDWHULQIORZYDOXHVUDQJHIURPYDULDWLRQWRYDULDWLRQKP\HDUZKLOHZDWHUGHPDQG
YDOXHVUDQJHIURPYDULDWLRQWRYDULDWLRQKP\HDU
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ϰ͘ϬϬϬ͘ϬϬϬ
ϲ͘ϬϬϬ͘ϬϬϬ
ϴ͘ϬϬϬ͘ϬϬϬ
ϭϬ͘ϬϬϬ͘ϬϬϬ
ϭϮ͘ϬϬϬ͘ϬϬϬ
'ZϬϱϬϬϬϭϬ 'ZϬϱϬϬϬϮϬ 'ZϬϱϬϬϬϯϬ
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ǇĞ
Ăƌ
Ϳ
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ƌŝŶŬŝŶŐtĂƚĞƌ /ƌƌŝŐĂƚŝŽŶ
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)LJ:DWHUDEVWUDFWHGIRULUULJDWLRQ	GULQNLQJSXUSRVHVIURPWKHDTXLIHUVLQ&RUIXDYHUDJHYDOXHVGDWDEDVHGRQ>@
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ϯ
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ϵ
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ϱ
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ϭ
t
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/Ŷ
Ě
Ğǆ
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Ăů
Ƶ
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^ĐĞŶĂƌŝŽƐ
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
)LJ:(,,QGH[9DOXHVIRUWKHWKUHHDTXLIHUVIRUDOOVFHQDULRVWRWDOZDWHUXVH
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7KH:(,KDVEHHQHVWLPDWHGIRUVFHQDULRVDQGERWKIRUWRWDOZDWHUXVHDQGIRUGULQNLQJZDWHUXVH:(,YDOXHV
IRUWKHDTXLIHU*5UDQJHVIURPWRIRUWRWDOZDWHUXVHZKLOHIRUGULQNLQJZDWHUXVHLWVYDOXHVUDQJH
IURPWR)LJ)RUWKHDTXLIHU*5:(,YDOXHVUDQJHIURPWRWRWDOZDWHUXVHDQG
IURPWRGULQNLQJZDWHUXVH)LQDOO\IRUWKHDTXLIHU*5:(,YDOXHVUDQJHIURPWRWRWDO
XVHDQGIURPWRGULQNLQJZDWHUXVH)LJ,QDOOWKUHHDTXLIHUVWKH:(,LQGH[YDOXHVDUHORZVKRZLQJ
WKDWHYHQLIZDWHUGHPDQGLQFUHDVHVE\DQGWKHZDWHUQDWXUDOLQIORZUHGXFHVE\WKHDTXLIHUVZLOOQRWVXIIHU
IURPDYDLODELOLW\SUREOHPV7KHUHDUHRQO\VRPHH[FHSWLRQVZKHUH:(,YDOXHVDUHKLJKHUWKDQEXWORZHUWKDQ
LQGLFDWLQJVRPHSRVVLEOHSUREOHPVLQWKHIXWXUH,QJHQHUDOWKH:(,LQGH[YDOXHVDUHORZHUIRUDTXLIHU*5
DQGKLJKHUIRUDTXLIHU*5)LJ
/DQGXVHV LPSDFWVRQZDWHU UHVRXUFHVDUHDOVRDQDO\]HG7KHGRPLQDQW ODQGXVH LVDJULFXOWXUDODUHDV
IROORZHGE\IRUHVWVDQGVHPLQDWXUDODUHDVDUWLILFLDOVXUIDFHVDQGVXUIDFHVXQGHUZDWHU7KH
PDLQSDUWRIDJULFXOWXUDODUHDVLVFRYHUHGE\SHUPDQHQWFURSV8UEDQDUHDVFRYHURIWKHWRWDODUHDRIWKHLVODQG
EDVHGRQ&RULQH/DQG&RYHUSURJUDP>@$QH[FHVVLYHDQDO\VLVIRUHYHU\SRLQWDQGGLIIXVHSROOXWLRQSUHVVXUHLV
SHUIRUPHGIRU&RUIXLVODQG7KH'36,5DSSURDFKLVDOVRXVHGIRUWKHSUHVHQWDQGIXWXUHVWDWH
,QWHUPVRIZDWHUUHVRXUFHVTXDOLW\WKHDTXLIHUVDUHIRXQGWREHLQJRRGFKHPLFDOTXDOLW\VWDWXVDFFRUGLQJWRWKH
5%03>@+LJKFRQFHQWUDWLRQVRIVXOIDWHVDUHGXHWRWKHQDWXUDOEDFNJURXQGJ\SVXPSRLQWDQGGLIIXVHVRXUFHVRI
SROOXWLRQDUHUHVSRQVLEOHIRULQFUHDVHGQLWUDWHVDQGDPPRQLXPFRQFHQWUDWLRQVRIORFDOLPSRUWDQFH$GGLWLRQDOO\KLJK
FRQFHQWUDWLRQVRIFKORULGHVDUHORFDOO\PHWLQWKHFRDVWDO]RQHVGXHWRVHDZDWHULQWUXVLRQFDXVHGE\H[FHVVLYHSXPSLQJ
DQGGXH WRQDWXUDOFDXVHV7KHQDWLRQDO OHJLVODWLRQIRUZDWHU UHVRXUFHVPRQLWRULQJDQG WKHGHOLQHDWLRQRIGULQNLQJ
ZDWHUUHVRXUFHVSURWHFWLRQ]RQHVLVSURYLGHGLQWKHSURMHFWGDWDEDVH
:DWHUXWLOLWLHVLQ*UHHFHGRQRWLPSOHPHQW+$&&3/DUJHZDWHUXWLOLWLHVDUHREOLJHGWRHODERUDWH:DWHU6DIHW\
3ODQVDVLWLVGHWHUPLQHGLQWKH3URJUDPPHVRI0HDVXUHVHODERUDWHGDFFRUGLQJWKH:)'(&6WLOOWKHZDWHU
XWLOLWLHVKDYHQRWLPSOHPHQWHG:DWHU6DIHW\3ODQV
&RQFOXVLRQV
7KHSUHVHQWSDSHUSUHVHQWVWKHPHWKRGRORJ\HODERUDWHGLQ'5,1.$'5,$SURMHFWWRHVWLPDWHWKHZDWHUUHVRXUFHV
YXOQHUDELOLW\LQGH[LQWKH$GULDWLFUHJLRQ7KHPHWKRGRORJ\LQFOXGHGWKHIROORZLQJVWHSVDWKHGHYHORSPHQWRIDQ
RYHUYLHZDQGHYDOXDWLRQRIFOLPDWHFKDQJHFKDUDFWHULVWLFVDQGWKHVLPXODWLRQRIFOLPDWHFKDQJHLQWKHVHFKDUDFWHULVWLFV
LQWKHIXWXUHEZDWHUUHVRXUFHVDYDLODELOLW\DVVHVVPHQWFWKHGHYHORSPHQWRIDVHWRIGDWDRIZDWHUTXDOLW\DQDO\VLV
DQGWUHQGVGWKHGHYHORSPHQWRISURWRFROVUHJDUGLQJZDWHUUHVRXUFHVVDIHW\(LJKWFRXQWULHVORFDWHGLQWKH$GULDWLF
UHJLRQ,WDO\6ORYHQLD&URDWLD6HUELD$OEDQLD%RVQLDDQG+HU]HJRYLQD0RQWHQHJURDQG*UHHFHDUHFDOOHGWRIDFH
VLPLODUSUREOHPVKDYLQJ WKH VDPHVWUDWHJLFJRDOVDQGREMHFWLYHV:DWHU UHVRXUFHVYXOQHUDELOLW\DVVHVVPHQW LQ WKH
$GULDWLF UHJLRQ LGHQWLILHG WKDW WKHUH DUH GLIIHUHQW FRQGLWLRQV LQ GLIIHUHQW DUHDV DQG LQ VRPH FDVHV WKHUH LV D KLJK
FRPSOH[LW\,QVRPHFDVHVZDWHUUHVRXUFHVDUHLGHQWLILHGEHLQJDWULVNDQGWKLVLVZK\FRPPRQPHWKRGRORJLHVDQG
WRROVQHHGWREHDSSOLHG,QIDFWWKLVLVDSUHUHTXLVLWHRIWKH:)'(&LQFURVVERUGHULQWHUQDWLRQDOULYHU
EDVLQV

$FNQRZOHGJHPHQWV
7KLVZRUNLVHODERUDWHGWKURXJKDSURMHFWFRIXQGHGE\WKH(XURSHDQ8QLRQ,3$$GULDWLF&%&3URJUDPPH
'5,1.$'5,$SURMHFWRVWUIXUWKHULQIRZZZGULQNDGULDHX
5HIHUHQFHV
>@ 7KH 8QLWHG 1DWLRQV :RUOG :DWHU 'HYHORSPHQW 5HSRUW  :DWHU IRU D VXVWDLQDEOH ZRUOG
KWWSXQHVGRFXQHVFRRUJLPDJHV(SGI
>@9.DQDNRXGLV$3DSDGRSRXORX67VLWVLIOL($OWUDQ%&HQFXU&XUN%.DUOHXVD%0DWLF3%DQRYHF'ULQNDGULDSURMHFWIURPDQLGHD
WRSROLF\UHFRPPHQGDWLRQ±$FRPPRQDSSURDFKGHYHORSPHQWWRZDUGVZDWHUUHVRXUFHVPDQDJHPHQWDQGVXSSO\DFURVV$GULDWLF6HDFRXQWULHV
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3URFHHGLQJVRIWKHWK(:5$:RUOG&RQJUHVV³:DWHU5HVRXUFHV0DQDJHPHQWLQD&KDQJLQJ:RUOG&KDOOHQJHVDQG2SSRUWXQLWLHV´
,VWDQEXO7XUNH\
>@ '5,1.$'5,$ GHOLYHUDEOH :3 &OLPDWH DQG FOLPDWH FKDQJH GDWDEDVH IRU $GULDWLF DUHD  $YDLODEOH DW
KWWSZZZGULQNDGULDHXILOHDGPLQXVHUBXSORDGB&OLPDWHBDQGBFOLPDWHBFKDQJHBGDWDEDVHBIRUB$GULDWLFBDUHDSGI
>@KWWSGULQNDGULDIJJXQLOMVLZDWHUUHVRXUFHVWHVWDUHDVRYHUYLHZ
>@KWWSGULQNDGULDIJJXQLOMVLZDWHUUHVRXUFHVFOLPDWH
>@&&:DWHU6SURMHFWVLWHDYDLODEOHDWKWWSZZZFFZDWHUVHXLQGH[SKS"RSWLRQ FRPBFRQWHQW	YLHZ IURQWSDJH	,WHPLG 
>@ '5,1.$'5,$ GHOLYHUDEOH &RPPRQ PHWKRGRORJ\ IRU GHWHUPLQDWLRQ RI ZDWHU DYDLODELOLW\ LQ $GULDWLF UHJLRQ  $YDLODEOH DW
KWWSGULQNDGULDIJJXQL
OMVLH[WHUQDODSSFRQWHQWRXWSXWV:3)%B&RPPRQPHWKRGRORJ\IRUGHWHUPLQDWLRQRIZDWHUDYDLODELOLW\RQ
$GULDWLFDUHDBDFWSGI
>@6&KHYDO%ýHQFXU&XUN39UKRYQLN79HUERYVHN0+HUUQHJJHU+31DFKWQHEHO30DUMDQRYLF&&:$5(0LWLJDWLQJ9XOQHUDELOLW\
RI:DWHU 5HVRXUFHV XQGHU &OLPDWH &KDQJH:3  9XOQHUDELOLW\ RI:DWHU 5HVRXUFHV LQ 6((  SS KWWSZZZFFZDUHHXRXWSXW
GRFXPHQWDWLRQXQFDWHJRULVHGRXWSXWZSKWPO
>@%.DUOHXVD -5XELQLF ,5DGPDQ*9ROI1.UYDYLFD&URVVERUGHUZDWHU UHVRXUFHVPDQDJHPHQW LQSUHVHQWFRQGLWLRQVDQG IRU IXWXUH
VFHQDULRV3URFHHGLQJVRI WKH ,QWHUQDWLRQDO6\PSRVLXP³&URVV%RUGHU'ULQNLQJ:DWHU0DQDJHPHQW´SS-DQXDU\5LMHND
&URDWLD
>@KWWS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-DQXDU\
>@5LYHU%DVLQ0DQDJHPHQW3ODQRI(SLUXV:DWHU'LVWULFW$YDLODEOHDW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